We used 1-, 2-, and 3-context designs to study the control exerted by contexts over freezing in rats exposed to a conditioned stimulus (CS) in advance of its pairing with a shock unconditioned stimulus. The latent inhibition observed when preexposure, conditioning, and testing occurred in the same context was attenuated if preexposure occurred in a different context to conditioning and testing. Latent inhibition (i.e., attenuated performance) was restored in a CS-specific manner if preexposure and testing occurred in the same context and conditioning in a different one. Latent inhibition was also reduced by a long retention interval but remained specific for a particular context-CS relation. Finally, CS preexposure resulted in contextual control over the expression of excitatory conditioned performance. The results are discussed in terms of memory, associative, and associative-performance models of CSpreexposure effects.
the way the preexposed stimulus is processed: It suffers a general (Mackintosh, 1975; Pearce & Hall, 1980) , a contextspecific (McLaren et aL, 1989; Schmajuk et al., 1996; Wagner, 1981) , or a motivation-specific (Killcross & Balleine, 1996) loss of attention. These various proposals, thus, differ in their details but share the view that latent inhibition is due to an encoding deficit: Latent inhibition constitutes a failure of the preexposed conditioned stimulus (CS) to enter into an association with the US.
Evidence from studies that have switched the context between preexposure and conditioning suggests that preexposure does not simply cause a general loss of CS processing or attention. Several investigators (e.g., Channell & Hall, 1983; Hall & Channel, 1985; Hall & Minor, 1984) have reported that CS preexposures in one context and CS-US exposures in another context attenuate the latent inhibition observed when preexposure and conditioning both occur in the same context. This attenuation of latent inhibition has also been obtained in a design that controls for exposures to both contexts as well as presentations of the CS and US in each of the contexts (Kaye, Preston, Szabo, Druiff, & Mackintosh, 1987; Lovibond, Preston, & Mackintosh, 1984) . These findings are consistent with the hypothesis that CS preexposures result in the formation of context-CS associations and that these associations cause latent inhibition by impairing the formation of associations between that CS and the US (e.g., McLaren et al., 1989; Schmajuk et al., 1996; Wagner, 1981) .
The hypothesis that latent inhibition represents a contextspecific impairment in the formation of CS-US associations has been challenged by evidence that latent inhibition is attenuated not only by a context shift between preexposure and conditioning but also by the passage of time. Several authors (Aguado, Symonds, & Hall, 1994; Kraemer, Hoffman, & Spear, 1988; Kraemer & Roberts, 1984; Kraemer & Spear, 1992) have reported that latent inhibition of a preexposed flavor CS in a toxiphobia conditioning procedure was reduced when a long interval of time was inserted between the flavor-illness episode and the test presentation of the flavor. Similarly, if rats are extensively preexposed to a context before being shocked in that context, then they show latent inhibition of conditioned fear (freezing) to the context when tested 1 day after conditioning, but they show loss of latent inhibition (significant levels of freezing) when tested 14 days after conditioning (Killcross, Kiernan, Dwyer, & Westbrook, 1998) .
The attenuation of latent inhibition by either a context shift between preexposure and conditioning or the insertion of a long retention interval between conditioning and test has been used to argue that CS preexposures cause a failure to retrieve normal CS-US associations (e.g., Aguado et al., 1994; Bouton, 1991 Bouton, , 1993 Kraemer & Roberts, 1984; Rosas & Bouton, 1997) . According to this argument, whatever was learned about the CS during preexposure is activated by contextual cues concomitantly with the US representation across CS-US exposures. The activation of the preexposure memory is assumed to interfere with the US memory with the consequence that excitatory conditioned performance is reduced. In contrast to the previously described accounts of what is learned about a preexposed CS, this memoryretrieval view implies that animals organize their experiences across preexposure in an hierarchical manner such that contextual cues act to retrieve the memory of what the CS had signaled. Therefore, when the contextual cues present during preexposure are also present across CS-US exposures, activation of the CS-preexposure memory interferes with the expression of normal CS-US associations (latent inhibition); when the contextual cues present during preexposure differ from those at conditioning, the competition from the preexposure memory is reduced and the normal CS-US associations are expressed in conditioned performance (attenuation of latent inhibition). Bouton (1993) has suggested that latent inhibition is attenuated when a long retention interval is inserted between conditioning and test because the passage of time functions like a context shift except that the context shift is produced by changes that have occurred within the animal across the interval. Because time functions like a shift in the physical context, preexposure and conditioning must also have been encoded with respect to the temporal context. Time, it is said, constitutes a superordinate context in which preexposure and conditioning memories are encoded. Further, the change in the superordinate temporal context across the long retention interval causes more forgetting (less retrieval) of the preexposure memory than of the conditioning memory with the result that interference is reduced and conditioned performance is restored (Bouton, Nelson, & Rosas, 1999b; Rosas & Bouton, 1997) .
A critical implication of the memory-retrieval view is that the latent inhibition that has been attenuated by a context shift between preexposure and conditioning can be restored when the CS is tested back in the preexposure context. In contrast, the view that latent inhibition reflects an impairment of associative formation does not as readily predict such a restoration of latent inhibition. The two relatively well-controlled investigations of this question provided somewhat similar findings but interpreted them in different ways. Lovibond et al. (1984, Experiment 3) reported that latent inhibition was restored when rats were tested for conditioned suppression to a visual CS in its preexposed context but not when the same rats were tested with an auditory CS in its preexposed context. Lovibond et al. argued that these different outcomes were due to the fact that the auditory CS was perceived to be the same in the two contexts (hence, equally fear arousing) whereas the light was recognized to be different in the two contexts (hence, eliciting different levels of conditioned fear). In other words, they interpreted their findings to mean that testing in the preexposed context does not restore latent inhibition and that the apparent evidence for such a restoration in the case of the visual CS was due to the physical properties of each of the contexts generating differences in the perception of that CS (see Rescorla, Durlach, & Grau, 1985 , for related discussion).
The second investigation of the effects produced by switching the context between preexposure and conditioning and then testing in the preexposed context was conducted by Bouton and Swartzentruber (1989, Experiment 3) . These investigators used darkness (houselight off) as the CS to eliminate the possibility that the CS was recognized to be different in the two contexts. They preexposed rats to the darkness CS in one context (A) before exposing them to two additional contexts (B and C) in one of which (e.g., B) the rats received further CS preexposures. The rats were then exposed to CS-shock pairings in A and tested for conditioned suppression in either B or C. Bouton and Swartzentruber found evidence for a restoration of latent inhibition, because there was less conditioned suppression to the CS in the preexposure context (B) than in the other context (C). However, these contexts differed from each other in two ways: (a) a specific stimulus (the CS) had been presented in B but not in C; and (b) a stimulus had been presented in B, but no stimulus had been presented in C. Hence, the differences between the groups on test may have been because of the unconditional suppression caused by the novel presentation of a stimulus in Context C rather than to the attenuation of conditioned suppression caused by presentation of the familiar CS in Context B.
The present experiments constitute a further examination of what subjects learn when preexposed to a CS in a particular context and how this learning modifies subsequent conditioned performance to that CS. Experiment 1 used a one-context design to show that exposure to a CS in advance of its pairing with a US reduces the conditioned performance (freezing) that results when the test is conducted in the preexposure and conditioning context. Experiment 2 used a two-context design, which involved preexposing rats to two counterbalanced contexts (A and B), in one of which a CS was presented. All rats were then exposed to a single CS-shock pairing in Context A before being tested for freezing to the CS in either A or B. Experiments 3-5 used a three-context design, which separated the contexts where preexposure and testing occurred from the context where conditioning had taken place and controlled for CS presenta-tion in each of the preexposure contexts. Specifically, rats were exposed to two contexts (A and B) in each of which a different CS was presented. Each of these CSs was paired with shock in a third context (C), and the rats were then tested for freezing to one of the CSs in either its preexposure context or the other preexposure context. The test was conducted after either a short or long retention interval to determine whether (a) rats exhibit a CS-specific reduction in freezing when returned to the preexposure context, and (b) whether this CS-specific reduction in freezing is influenced by the passage of time. Experiment 6 reversed the roles of Contexts A and B versus C to study the effects of CS preexposure on the context specificity of excitatory conditioning. Specifically, the two CSs were preexposed in C, one of the CSs was then paired with shock in A, and the other was paired with shock in B. Finally, rats were tested with each CS either in its conditioning context or in the other conditioning context.
Experiment 1
The aims of this experiment were to show that pairing a CS with shock resulted in conditioned performance (freezing) and that this performance was reduced by preexposures to the CS. The design consisted of a 2 x 2 factorial where the first factor was whether rats were preexposed or not preexposed to the CS, and the second factor was whether they were exposed to a paired or unpaired relation between the CS and shock. In this experiment, preexposure, conditioning, and test each occurred in the same context.
Me~od
Subjects. Thirty-two experimentally naive, male Wistar rats (Rattus norvegicus) were used. They weighed between 350-460 g and were obtained from the colony of Specific Pathogen-Free rats maintained by the Combined Universities Laboratory Animal Service (Sydney, Australia). They were housed in groups of 8 in plastic boxes (67-cm length x 40-cm width x 22-cm height) with food and water continuously available. The boxes were kept in an air-conditioned colony room under natural lighting. All experimental procedures occurred between 8 a.m. and 11 a.m. Each rat was handled 3-5 min each day across 3 days before the start of the experiment. The experimental procedures followed the ethical guidelines established by the American Psychological Association and were approved by the Animal Care and Ethics Committee of the University of New South Wales.
Apparatus. Two sets of four chambers located in different rooms were used. Each chamber of one set measured 33-cm height x 31-cm length x 26-cm width. The side walls and ceiling were made of aluminum, and the back and front walls were made of clear plastic. The side walls and ceiling were painted white, and the outside back wall was covered with white cardboard. The floor consisted of stainless steel rods, 5 mm in diameter, spaced 10 nun apart, center to center, with a tray containing bedding material below. The chambers were located in separate compartments of a wooden cabinet, whose floor, ceiling, and walls were painted white. The door of each compartment was kept open so as to permit observation of the rat. A concentrated rose oil (Cara-Mia, Sydney) was used to provide a distinctive odor. The oil (1 ml) was sprayed over the bedding material before each session. The room was illuminated by a white fluorescent tube located in the ceiling.
Each chamber of the second set measured 30-cm height x 30-cm width x 27-cm length. The side walls and ceiling were made of aluminum, and the back and front walls were made of clear plastic. The side walls and ceiling were painted black, and the outside of the back wall was covered with black cardboard. The floor consisted of stainless steel rods, 2 mm in diameter, spaced 10 mm apart, center to center. Below the floor was a tray containing bedding material. The four chambers were placed in separate compartments of a wooden cabinet whose floor, ceiling, and walls were painted black. The door of each compartment was kept open. Eucalyptus oil (The Sheldon Drug Co., Sydney) provided a distinctive odor. The oil (0.25 ml) was sprayed onto the bedding material before each session. The room was illuminated with a red fluorescent tube located on the ceiling.
Unscrambled AC 50-Hz shock could be delivered to each floor in both sets of chambers by a custom-built constant-current shock generator. The current available to each floor could be adjusted using an in-line milliampere meter. The floor of each chamber was cleaned with water on removal of a rat. The CS was a 30-s presentation of a clicker, which consisted in a 72-dB (A: B~el & Kjaer, Type 2235) 10-Hz spike (rise time <1.0 las and a decay time of 250 las) provided by identical generators wired to identical speakers (160-mm diameter wide band width) located on the ceiling of each room. The background noise level was 65 dB. The behavior of each rat was recorded using a camera mounted on the wall facing the open compartments in each room. The camera was connected to a video recorder and monitor located in another room in the laboratory. This room also contained the equipment that controlled CS and shock presentations.
Procedure. The rats were weighed and assigned to four weight-matched groups (n = 8). The experiment was conducted in the first set of chambers for half of the rats in each group and in the second set of chambers for the remaining rats. On each of 6 days, rats were exposed to the context for 20 min. Rats in two of the groups (Groups Pre-Paired and Pre-Unpaired) received eight presentations of the clicker on each exposure to the context. Each presentation of the clicker was 30 s in duration, and the presentations were spaced 2 min apart. Rats in the two non-preexposed groups (Groups NonPre-Paired and NonPre-Unpaired) were exposed to the context but not to the clicker. On Day 7, rats were given a single conditioning session. This consisted of placing rats into the context and delivering a shock (0.6 mA, 1-s duration) 150 s later. For half of the rats (Groups Pre-Paired and NonPre-Paired), shock onset co-occurred with the offset of a 30-s presentation of the clicker. For the remaining rats (Groups Pre-Unpaired and NonPreUnpaired), the onset of the 30-s CS occurred 30 s after the rats were placed in the context, and its offset occurred 90 s in advance of shock. On the following day, the rats were tested for freezing to the clicker. The test consisted of four presentations of the CS, with each presentation lasting for 30 s and an interval of 120 s between each presentation.
Scoring and statistics. The test was videotaped, and the levels of freezing were subsequently measured with a time-sampling procedure where the rat's behavior was scored as freezing or not freezing every 2 s. Freezing was defined as the absence of all movement (including those of the vibrissae), except those related to breathing (Fanselow, 1980) . The percentage of all samples scored as freezing was determined for each rat. The videotape records of each rat were scored by two observers, one of whom was unaware of the rat's treatment condition. The interrater reliability on the scores in this and in the remaining experiments was high, producing correlation coefficients >.95 in each experiment. The data presented and subjected to statistical analysis were those scored by the unaware observer. Test data were analyzed with an analysis of variance (ANOVA). In this and in the remaining experiments, et was set at .05.
Results
There was substantial but transient freezing when rats were reexposed to the shocked context. However, across the 30-s period prior to the initial CS presentation, there were no significant differences between the groups, Fs, 1.5 (Ms = 25% and 33% for rats in Groups Pre-Paired and NonPrePaired, respectively, and 28% and 30% for those in Groups Pre-Unpalred and NonPre-Unpaired, respectively). The mean levels of freezing by rats in each of the groups to the CS averaged across the four test presentations are shown in Figure 1 . The statistical analysis confirmed what is clear from inspection of this figure. There were main effects for whether rats were exposed to a paired or unpaired relation between the CS and shock, F = 31.8, Fcritical (1, 28) = 4.2, and for whether rats were preexposed or not preexposed to the CS, F = 75.9. There was also a significant interaction between these factors, F = 35.7, which, from inspection, shows that the difference between rats in Groups Pre-Paired and NonPre-Paired was greater than the difference between the rats in Groups Pre-Unpaired and NonPre-Unpaired. Post hoc comparisons confirmed that rats in Group NonPrePaired showed significantly more freezing than those in Group Pre-Paired, F = 107.8. However, there was no significant difference between the freezing exhibited by rats in Groups NonPre-Unpaired and Pre-Unpaired, F = 3.7.
Discussion
This experiment confirms that rats freeze as a conditional reaction to a CS paired with shock and that this reaction is Mean percentage of freezing to the conditioned stimulus (CS) at test in Experiment 1. Rats in Groups Pre were preexposed to the CS in the conditioning and test context, whereas rats in Groups NonPre were exposed to the context but not the CS. Rats in Groups Paired received a CS-shock pairing, whereas rats in Groups Unpaired were exposed to the CS and shock, but these stimuli were not paired. Vertical bars represent SEM. reduced (latently inhibited) by preexposure to that CS. In other words, it shows that a CS paired with shock (Group NonPre-Paired) provokes a substantial level of freezing in addition to any freezing, resulting from the presentation of that CS and shock per se (Group NonPre-Unpaired). It also shows that preexposure to a CS significantly reduces the level of conditioned freezing, resulting from the CS-shock pairing. This effect of CS preexposures appeared to be specific to conditioned freezing because there were no significant differences between the levels of freezing by rats in Groups Pre-Unpaired and NonPre-Unpaired.
Experiment 2
This experiment exposed rats to two counterbalanced contexts (A and B) in one of which they received presentations of an auditory CS (a clicker). Subsequently, all rats were exposed to a pairing of the CS and shock in A. Finally, rats were tested for freezing to the CS in either A (Groups AAA and BAA) or B (Groups AAB and BAB). The performances exhibited by rats in each of these groups were compared to those shown by rats preexposed to Contexts A and B but in the absence of any CS presentations. These rats were then exposed to a CS-shock pairing in A and tested in either A (Group 0AA) or B (Group 0AB). The first aim was to confirm a latent inhibitory effect for rats preexposed, conditioned, and tested in the same context (Group AAA). The second was to show that latent inhibition is attenuated by a context shift between preexposure and conditioning (Group BAA). The final aim was to investigate the effect of a context shift between conditioning and test (Groups AAB and BAB). The questions addressed here were whether testing the rats outside the context where preexposure and conditioning had occurred (Group AAB) would reveal evidence for normal CS-US association, and whether testing rats in the preexposure context (Group BAB) would restore the latent inhibition lost by the context shift between preexposure and conditioning.
Method
Subjects and apparatus. Forty-eight experimentally naive, male rats (Rattus norvegicus), weighing between 390-490 g of the same stock and from the same source were used. They were kept under the conditions described previously. All experimental procedures occurred between 8-11 a.m. and 3--6 p.m. Each rat was handled 3-5 min each day across 5 days before the start of the experiment. The two contexts used previously constituted the A and B contexts used here. The CS and shock were the same as those described previously.
Procedure.
The rats were weighed and assigned to six weight-matched groups (n = 8). On each of 6 days, rats were exposed to one context in the morning and to the other context in the afternoon. Each exposure was 20 min. Rats in four of the groups received eight 30-s exposures to the clicker every 2 min in one of the contexts but did not receive any stimulus presentations in the other. These four preexposed groups were fully counterbalanced for the contexts and the time of day at which the clicker was presented. Rats in the two non-preexposed groups were exposed to each context but not to the clicker. On Day 7, all rats were given a single conditioning session. This consisted of placing rats into one of the contexts and delivering a shock (0.6 mA, 1-s duration) 150 s later. Shock onset co-occurred with the offset of a 30-s presentation of the clicker. For rats in two of the preexposed groups, the CS-shock exposure took place in the context where the CS had been preexposed; whereas for those in the other two preexposed groups, the CS-shock pairing occurred in the context where no stimulus had been presented. One of the non-preexposed groups received the CS-shock pairing in one context, while the other group received this pairing in the other context. On the following day, the rats were tested. The test consisted of four presentations of the CS, each of which lasted for 30 s with an interval of 120 s between each presentation. One of the two groups, preexposed and conditioned in the same context, was tested in that context (Group AAA), whereas the other group was tested in the other context (Group AAB); one of the groups preexposed in one context (B) and conditioned in the other context (A) was tested in the conditioning context (Group BAA), whereas the other group was tested in the preexposure context (BAB). Half of the non-preexposed rats were tested in the context where they had been conditioned (Group 0AA), whereas the remainder were tested in the other context (Group 0AB). The test was videotaped, and each rat's behavior was scored in the manner described previously. To analyze the test data, we derived a set of planned orthogonal contrasts from the incomplete factorial design (Hays, 1981) . Post hoc comparisons were tested for significance with Tukey's honestly significant difference procedure (see R. J. Harris, 1994) .
Results
There was very little freezing in each of the groups (means ranged from 4% to 6%) across the 30-s period prior to the initial CS presentation on test, and none of the differences between the groups were significant, Fs < 1.0. Presumably, the differences between this and the previous experiment in terms of the levels of initial context freezing were because the rats here received six exposures to each of the two contexts, whereas those in the previous experiment had received just six exposures to one context. The mean levels of freezing by rats in each of the groups to the CS averaged across the four test presentations are shown in Figure 2 . Inspection of Figure 2 suggests that rats preexposed to the CS (Groups AAA, AAB, BAA, and BAB) exhibited less freezing than non-preexposed rats. Further, rats subjected to a context shift between preexposure and conditioning froze more when tested in the conditioning context (Group BAA) than rats preexposed, conditioned, and tested in that context (Group AAA). Finally, rats tested in the context where conditioning had occurred (Groups A A A and BAA) froze more than rats preexposed in one context, conditioned in the other context, and tested back in the preexposure context (Group BAB); or rats preexposed and conditioned in one context but tested in the other (Group AAB). In contrast to these differences between the preexposed rats (with respect to contextual control over freezing to the CS), non-preexposed rats showed just as much freezing when tested in the conditioning context (Group 0AA) as in the other context (Group 0AB).
The statistical analysis confirmed these observations. There was evidence for latent inhibition, because preexposed rats showed significantly less freezing than nonpreexposed rats, F = 49.2, Fcfitica 1 (1, 42) = 4.1. There were Mean percentage of freezing to the conditioned stimulus (CS) at test in Experiment 2. Rats in Groups AAA, AAB, BAB, and BAA were exposed to two contexts (A and B) in one of which the CS was presented, whereas those in Groups 0AA and 0AB were just exposed to these contexts. Rats then received a CS-shock pairing in A and were tested in either A or B. Vertical bars represent SEM. no significant differences between the levels of freezing by non-preexposed rats tested in the conditioning context (Group 0AA) or in the other context (Group 0AB), F < 1.0. Rats subjected to a context shift between preexposure and conditioning (Groups BAA and BAB) showed significantly more freezing than rats conditioned in the context where preexposure had occurred (Groups A A A and AAB), F = 5.5. Rats subjected to a context shift between conditioning and test (Groups AAB and BAB) showed significantly less freezing than rats tested in the context where conditioning had occurred (Groups A A A and BAA), F = 43.8. There was also a significant interaction between these factors, F = 6.7, which can be described in terms of rats subjected to a context shift between preexposure and test (Groups AAB and BAA), showing significantly more freezing than rats tested in the context where preexposure had occurred (Groups A A A and BAB). Pairwise comparisons revealed that rats in Group A A A showed less freezing than rats in Group BAA, p = .014, confirming that the context shift from preexposure to conditioning had attenuated latent inhibition when rats were tested in the conditioning context. Rats in Group BAB showed significantly less freezing than those in Group AAA, p = .046, indicaling that testing rats outside the conditioning context and in the preexposure context provoked an even greater latent inhibition. Rats in Group AAB also showed less freezing than those in roup AAA, suggesting that the test outside the conditioning context had served to reduce conditioned performance. However, this difference did not reach the conventional level of significance, p = .069. Finally, there were no significant differences between rats in Groups AAB and BAB, p = 1.0.
Discussion
This experiment confirmed several previous findings. First, rats shocked after presentation of a preexposed CS subsequently exhibited less freezing than rats shocked after presentation of a novel CS. Second, this latent inhibitory effect of CS preexposure was attenuated by a context shift between preexposure and conditioning: Rats preexposed, conditioned, and tested in the same context (Group AAA) froze less than rats preexposed in one context but conditioned and tested in another context (Group BAA). Finally, the latent inhibition that had been attenuated by this context shift between preexposure and conditioning (Group BAA) appeared to have been restored when the CS was tested in the preexposure context (Group BAB). This apparent restoration of latent inhibition replicates the findings reported by Bouton and Swartzentruber (1989) . It is consistent with the hypothesis that testing the rats in the preexposure context served to activate the preexposure memory, and thereby interfere with performance to the CS (Bouton, 1993) . However, there was no support for the hypothesis that rats preexposed and conditioned in one context show a loss of latent inhibition when tested in the other context (Group AAB).
Several explanations can be offered for the low levels of freezing exhibited by rats that were preexposed, conditioned in A, and tested in B (Groups AAB and BAB; see Lovibond et al., 1984) . For instance, the CS presented outside the conditioning context may have been changed in some way from the CS presented in the conditioning context with the result that conditioned performance was reduced through a generalization decrement. Alternatively, there may have been a summation between some level of excitatory conditioning to the conditioning context and some level accruing to the CS, with the result that rats in Groups AAB and BAB were tested against a background whose excitatory value was low. This account might imply that the differences between the performances of rats in Groups BAB and AAB would have been similar to those between Groups BAA and AAA but floor effects could have obscured any such differences. Further, there was no evidence for such an effect among non-preexposed rats, but in this case, ceiling effects may have obscured any such differences. A final explanation for these differences between the preexposed and nonpreexposed rats with respect to the transfer of conditioned performance across contexts is that preexposure results in contextual control over the excitatory associations formed during conditioning (Swartzentruber & Bouton, 1992) . According to this explanation (which is examined in Experiment 6), the levels of freezing exhibited by preexposed rats in Groups AAB and BAB compared with those shown by rats in Groups AAA and BAA were because, in part, CS preexposure in either context A or B served to confine subsequent excitatory conditioned performance to the context (A) where the CS-US pairing occurred.
Experiment 3
Experiment 2 confirmed that latent inhibition was attenuated by a context shift between preexposure and conditioning, but it failed to provide unequivocal evidence that the return shift to the preexposed context restored latent inhibition. To be sure, we used evidence, provided by rats in Group BAB consistent with a restoration of latent inhibition, because the rats' levels of test performance were low compared to those shown by rats in Group BAA or, for that matter, in Group AAA. However, this evidence is equivocal because low levels of freezing were also shown by rats in Group AAB. Experiment 3 constitutes a further assessment of the role played by the preexposure context in controlling test performance to a preexposed CS. The design used here involved three contexts (A, B, and C) and two CSs. Rats were exposed to Contexts A and B, which in each context one of the CSs was presented. Control rats were simply exposed to these contexts. All rats were then exposed to Context C, where each CS was paired with shock. Finally, rats were tested for performance to a CS in either Context A or B. For half of the preexposed rats (Group Consistent), the CS was tested in the context where it had been preexposed, whereas for the remainder (Group Inconsistent), the CS was tested in the other preexposure context. This design separates the preexposure and test contexts (A and B) from the context where conditioning occurs (C) and arranges that each of the preexposed contexts had its own CS associate. Thus, in contrast to the previous experiment, rats in all of the groups were tested in a context (A or B) that had not been shocked. Moreover, each of the test contexts had been associated with a CS for rats in the preexposed groups who differed from each other only in terms of whether the context-CS relation on test is consistent or inconsistent with their preexposure experiences. The question of interest is whether testing rats with a CS in its preexposure context when conditioning had occurred elsewhere provokes a context-specific reduction in conditioned freezing. The design of this and the remaining experiments is shown in Table 1 .
Me~od
Subjects and apparatus. Twenty-four experimentally naive male rats (Rattus norvegicus; 320-430g) of the same stock and from the same source as Experiments 1 and 2 were used. They were kept under the conditions described previously. The two contexts used previously constituted the A and B contexts here. The third context (C) consisted of a set of four chambers, each of which measured 23-cm width x 21-cm length × 20-cm height. The walls and lid of these chambers were made of clear plastic, and the floor was made of stainless steel rods, 2 mm in diameter, spaced 13 mm apart (center to center). Unscrambled AC shock from the constant current generator could be delivered to the floor of each chamber. The current available to each floor could be adjusted by reference to an in-line milliampere meter. The bedding below each chamber was sprayed with 0.5 ml of acetic acid before each session to provide a distinctive odor. The chambers were located in a third room illuminated by two incandescent bulbs located on the ceiling. Two stimuli were used as CS A and CS B in a counterbalanced manner. One was the clicker, whereas the other consisted of a white noise (75 dB [A] ). Each of these CSs was provided by identical generators wired to identical speakers located on the ceiling of each of the three rooms. The background noise level was 65 dB in each room. Procedure. The rats were assigned to one of three weightmatched groups (n = 8). On each of 6 days, rats were exposed to one context in the morning and to a second context in the afternoon. Each exposure was 20 min. Rats in two of the groups received eight 30-s exposures to one of the CSs (CS A) in Context A and eight 30-s exposures to the other CS (CS B) in Context B. The stimuli (clicker or noise) that constituted CS A and CS B were counterbalanced. The interval between CS exposures in each context was 2 min. The groups were counterbalanced for the particular context in which the rats received each stimulus, and the time of day (morning and afternoon) at which rats were exposed to each context alternated across days. Rats in the remaining group received the same sequence of exposures to the two contexts but were not presented with the CSs. On Day 7, all rats received a shocked exposure to each CS in the third context (C). Rats were placed in C and presented with one of the CSs after 9 min and with the other CS after 18 min. Each CS lasted for 30 s and terminated in a 0.6-mA 0.5-s footshock. The order of CS presentation was counterbalanced in each group. Rats were kept in the context for 60 s after the second shock. On Day 8, rats were tested for performance to CS A either in Context A or B. For rats in Group Consistent, the CS was tested in the context where it had been preexposed, whereas for rats in Group Inconsistent the CS was tested in the other preexposed context. The non-preexposed control rats were tested with CS A in either Context A or B. The test consisted of a 10-min exposure to the context during which there were four presentations of the CS. Each presentation was 30 s in duration, and CS presentations were spaced 120 s apart. Each rat was videotaped and its behavior was scored in the manner described previously. The data were analyzed using planned orthogonal contrasts.
Results
There was very little freezing to the test context in the 30-s period prior to the first CS presentation on test (means ranged from 0% to 2%) and there were no significant differences between the levels of freezing among the groups, Fs < 1.0. The mean levels of freezing by rats in each of the three groups averaged across test presentations of CS A are shown in Figure 3 . The statistical analysis confirmed what is clear from inspection of Figure 3 : Preexposed rats (Groups Consistent and Inconsistent) exhibited significantly less freezing than non-preexposed control rats, F = 39.59, F~iac~(1, 21) = 4.32; and rats tested with a CS in the context where it had been preexposed (Group Consistent) froze less than rats preexposed to each CS in a particular context but tested in the other context (Group Inconsistent), F= 10.2.
Discussion
These results confirm that rats preexposed to a CS in a particular context and conditioned elsewhere show a reduction in conditioned performance when tested in the preexposed context relative to non-preexposed rats (Bouton & Figure 3 . Mean percentage freezing to the conditioned stimuli (CSs) at test in Experiment 3. Rats in Groups Consistent (Consist) and Inconsistent (Inconsist) were exposed to two contexts, in each of which a CS was presented, whereas rats in Group Control were just exposed to the contexts. Rats then received a pairing of each CS and shock in a third context and were tested in either of the preexposure contexts. Rats in Group Consistent were tested with the CS in the context where it had been preexposed, whereas those in Group Inconsistent were tested with the CS in the other preexposure context. Vertical bars represent SEM. Swartzentruber, 1989, Experiment 3 ). Further, rats tested in the context where the CS had been preexposed (Group Consistent) exhibited even greater reductions in conditioned performance than rats tested in the context where the other CS had been preexposed (Group Inconsistent). These differences between the test performances of Groups Consistent and Inconsistent cannot be due simply to the CSs being recognized as different in the preexposure and conditioning contexts (Lovibond et al., 1984) . Even if the physical properties of each CS had interacted with the physical context comprising C in such a way as to render them perceptually distinct from those encountered in Contexts A and B, the design counterbalanced the particular contexts used as A and B. Therefore, the differences between the conditioned performances of rats in Groups Consistent and Inconsistent cannot be due to the perceptual properties of each CS in each of these contexts. Nevertheless, it needs to be acknowledged that the design used here did not test rats that had been preexposed but not conditioned. In other words, it did not exclude the possibility that the differences on test between rats in Groups Consistent and Inconsistent would have been observed in the absence of conditioning. For instance, such differences could have occurred because of habituation of freezing responses for rats in Group Consistent and the dishabituation of these responses for those in Group Inconsistent. However, this possibility is unlikely because rats do not freeze on the initial presentations of the stimuli used here. Rather, these differences may be attributed to the rats having learned about the relation between each context and its CS-associate across preexposure. In other words, the influence exerted by each of the preexposure contexts on conditioned performance to its CS associate was learned. Bouton (1993) identified this learning with something like the role accorded occasion setters (e.g., Holland, 1983) or modulators (Rescorla, 1985) . That is, across CS preexposures, the rats organized their experience hierarchically, such that each context signaled that a particular CS is insignificant. Thus, the test performance exhibited by the rats reflects the interference between the contextually activated CSpreexposure memory and the CS-activated US memory. The consequence of this interference is a reduction in conditioned performance. This reduction was greater for Group Consistent than for Group Inconsistent, indicating that each context retrieved its own CS-preexposure memory. This reduction was also greater for both of these groups than non-preexposed controls, presumably indicating that there was some overlap between the preexposure memories activated by each context. Alternatively, the context specificity of latent inhibition could reflect the learned influence of each context on the processing accorded its CS associate. According to the Schmajuk et al. (1996) model, conditioned performance was reduced in Group Consistent compared with Group Inconsistent because each context selectively depressed the attentional memory for its CS associate; According to the Wagner (1981) model, conditioned performance was reduced in Group Consistent because each context activated its CS associate into A2 (the periphery of working memory) with the consequence that activation of the CS into A1 (the focus of working memory) was attenuated in Group Consistent but not in Group Inconsistent.
Experiments 4A and 4B
Latent inhibition is attenuated not only by a context shift but also by the passage of time. According to the retrieval account, the passage of time functions like a context shift but here the context shift is produced by changes that have taken place within the rat. An implication of this argument is that the passage of time should exert effects on latent inhibition similar to those caused by a physical context shift. Some support for this hypothesis was provided by Rosas and Bouton (1997, Experiment 2) who varied the retention interval between CS preexposure and conditioning. They compared the development of conditioned performance (magazine entries) to an auditory CS, signaling food presentations for rats preexposed to the CS in either the same or a different context when the preexposures occurred either immediately (1 day) or some time (28 days) before conditioning. They reported that the latent inhibition observed in rats preexposed in the same context shortly before conditioning (Group Same-l) was attenuated both when the context was shifted immediately after CS preexposure (Group Different-l) and when a long retention interval was inserted between preexposure and conditioning (Group Same-28). Important to note, the maximum attenuation of latent inhibition occurred in rats subjected to both the context shift and the long retention interval (Group Different-28). However, as Rosas and Bouton noted, the retention interval manipulation was confounded by the fact that the rats subjected to the 28-day delay between CS preexposures and conditioning were additionally exposed to each of the preexposed contexts (A and B) when the remaining rats in Groups Same-1 and Different-1 received their CS preexposures. Consequently, it is possible that these additional context preexposures contributed to the pattern of results obtained. For instance, rats in Group Same-28 may have lost latent inhibition, not as the result of the long retention interval but because the context-CS association had been extinguished by the context alone exposures interpolated between CS preexposure and conditioning (Wagner, 1981) .
Experiments 4A and 4B constitute a further examination of the roles of context and time in controlling the freezing that results from pairing a preexposed CS with shock. However, these experiments manipulated the retention interval between conditioning and test rather than the interval between preexposure and conditioning (Rosas & Bouton, 1997) . The interval between conditioning and test was manipulated because the loss of latent inhibition observed in this case (e.g., Aguado et al., 1994) appears to constitute more decisive evidence against the view that latent inhibition represents an associative failure. Put simply, how can conditioned performance be restored at the long retention interval if its loss at the short interval is due to an associative failure? The design was that used in the previous experiment. Rats in the preexposed conditions (Groups Consistent and Inconsistent) were exposed to two contexts (A and B) in each of which a CS was presented, whereas those in the non-preexposed condition (Group Control) were just exposed to each of these contexts. All rats then received a pairing of each of these CSs and shock in Context C before being tested for performance to a CS in either its preexposure or the other preexposure context. The test occurred after either a short (1 day) or long (21 day) retention interval. In Experiment 3A, rats from the same batch were preexposed and conditioned at the same time and were thus tested at different ages and body weights; in Experiment 3B, rats from the same age batch were preexposed and conditioned at different times but tested at the same age and weight. These experiments were conducted separately but are presented together for convenience of exposition.
Method
Subjects and apparatus. Forty-eight experirnentally naive male rats (Rattus norvegicus) from the same stock and source as used in Experiments 1-3 were used in Experiments 4A and 4B. The rats weighed between 280-330g and were 9-10 weeks old at the commencement of each experiment. The three contexts described in Experiment 3 were used.
Procedure. The rats were assigned to six weight-matched groups (n = 8) in each experiment. The procedure was the same as that described in Experiment 3. Thus, rats in Groups Consistent-1 and Consistent-21 as well as those in Groups Inconsistent-1 and Inconsistent-21 were exposed to Context A where CS A was presented and Context B where CS B was presented. Across these 6 days, non-preexposed rats in Groups Control-1 and Control-21 were simply exposed to each context, one in the morning and the other in the afternoon. On Day 7, rats received a pairing of each CS and shock in Context C in the manner described in Experiment 3. Finally, rats were tested for performance to CS A in Context A or B. The test was identical to that described in Experiment 3. The test occurred either shortly (1 day) or some time (21 days) after the conditioning experience. In Experiment 4A, rats from the same batch started the preexposure at the same time (Day 1), were conditioned at the same time (Day 7), and were tested either 1 (Day 8) or 21 (Day 28) days later. In Experiment 4B, rats from the same batch were tested at the same time (Day 28), having been conditioned either I (Day 27) or 21 (Day 7) days earlier, and preexposed on either Days 21-26 or Days 1-6, respectively. To analyze the test data, we derived a set of planned orthogonal contrasts from the incomplete factorial design.
Results
There was no freezing to either context in the 30 s prior to the initial CS presentation on test. The mean levels of freezing by rats in each of the groups averaged across test presentations of the CS in each experiment are shown in Figure 4 . The left panel shows the data from Experiment 4A and the right panel those from Experiment 4B. Inspection of these panels suggests that CS preexposure had resulted in latent inhibition, because rats in the four preexposed groups in each experiment exhibited less freezing than nonpreexposed control rats. Moreover, this apparent latent inhibition appeared to be both context specific and attenuated with the passage of time. Further, the influences exerted by each of these variables appeared to be additive because the differences between the performances of rats in the two preexposed groups were just as great at each retention interval. Finally, conditioned performance in the nonpreexposed control rats did not appear to have been affected by the long retention interval.
The statistical analysis confirmed these observations. In each experiment, rats in the preexposed groups showed significantly less conditioned performance than the nonpreexposed control rats, F = 73.84 (Experiment 4A) and F --223.82 (Experiment 4B), Fcnac~(1, 42) = 4.08, confirming that CS preexposure had produced evidence for latent inhibition. This latent inhibition was context specific and attenuated by the long retention interval: Rats in Groups Consistent-1 and Consistent-21 exhibited significantly less freezing than those in Groups Inconsistent-1 and Inconsistent-21, F = 12.29 (Experiment 4A) and F = 5.34 (Experiment 4B); rats in Groups Consistent-1 and Inconsistent-1 showed significantly less freezing than those in Groups Consistent-21 and Inconsistent-21, F = 21.35 (Experiment 4A) and F = 4.31 (Experiment 4B). Important to note, there were no statistically significant interactions between context shift and retention interval, Fs < 1.0 (both experiments), confirming that these variables exert an additive influence on latent inhibition. Finally, there were no significant differences between the levels of conditioned performance in either experiment when non-preexposed control rats were tested at short versus long retention intervals, Fs < 1.0.
Discussion
These results confirm that rats subjected to a context shift between preexposure and conditioning show latent inhibition when tested in the preexposure contexts. This latent inhibition was also context specific because rats tested for performance to the CS in its preexposure context (Groups . Rats in Groups Consistent and Inconsistent were exposed to two contexts, in each of which a CS was presented, whereas rats in Group Control were just exposed to these contexts. Rats then received a pairing of each CS and shock in a third context and were tested in either preexposure context 1 or 21 days after conditioning. Rats in Group Consistent were tested with the CS in the context where it had been preexposed, whereas those in Group Inconsistent were tested with the CS in the other preexposure context. Vertical bars represent SEM. Consistent) exhibited less conditioned performance than rats tested with the CS in the other preexposure context (Groups Inconsistent). The latent inhibition caused by CS preexposure was attenuated by the passage of time both when rats began CS preexposure at the same time and were tested at different ages (Experiment 4A) or when they began CS preexposure at different times but were tested at the same age (Experiment 4B). Accordingly, the passage of time per se between conditioning and test is sufficient for the attenuation of latent inhibition. This attenuation of latent inhibition occurred both when rats were tested in the context where each CS had been preexposed and in the context where the other CS had been preexposed. In contrast, there was no change in the levels of conditioned performance among the non-preexposed control rats in either experiment, indicating that the CS-US memory remained intact across the long retention interval. Accordingly, one explanation for the loss of latent inhibition is that the specific features distinguishing the preexposure contexts had been forgotten (see, Riccio, Richardson, & Ebner, 1984 , for discussion). The consequence of this forgetting was that the preexposure contexts were less able to retrieve the CS-preexposure memories and, hence, less able to interfere with the conditioned performance caused by the activation of the US memory by the CSs. Of importance, however, the differences in conditioned performance between rats in Groups Consistent and Inconsistent were just as great at the short as at the long retention interval. This shows that the rats had in fact remembered which context had been associated with which CS across preexposure when tested at the long retention interval. Therefore, forgetting the preexposed contexts cannot be an explanation for the loss of latent inhibition at the long retention interval.
Experiment 5
The previous experiments demonstrated parallel increases in conditioned performance across rats in Groups Consistent and Inconsistent when tested after the long versus the short retention interval. This finding suggests that there will be a comparable increase in conditioned performance when rats are tested in the C context after the long interval. Recall from Experiment 2 that the shift between CS preexposure in one context (B) and conditioning in another context (A) resulted in a loss of latent inhibition when the rats were tested in the context where conditioning had occurred (Group BAA). However, the conditioned performance exhibited by rats in this group constituted an attenuation rather than a complete loss of latent inhibition: They exhibited more conditioned performance than rats preexposed, conditioned, and tested in the same context (Group AAA) but less conditioned performance than rats conditioned to a novel CS (Group 0AA). Experiment 5 had two aims. The first aim was to confirm that the three-context design used in the previous experiments does in fact produce a loss of latent inhibition when rats are shifted from CS preexposures in the A and B contexts to the C context, where each CS is paired with shock. The second aim was to determine whether conditioned performance in the conditioning context (C), like that in the preexposed A and B contexts, is altered by the passage of time.
M e~o d Subjects and apparatus.
Forty-eight experimentally naive male rats (Rattus norvegicus) were used. They weighed between 350--400 g and were obtained from the same stock and source as the previous experiments. The apparatus consisted of the three contexts described in Experiment 3. In addition, rats were exposed to white plastic buckets across preexposure. Each of these was 26-cm diameter × 26-cm height with bedding material covering their floors. They were located in a fourth room in the laboratory.
Procedure. The rats were assigned to one of six weightmatched groups (n = 8). All rats were tested at the same time (Day 34): Rats in three groups were conditioned on Day 33 whereas the remainder were conditioned on Day 13; in both sets of groups, there were 12 days of preexposure prior to the conditioning day. During preexposure, the rats were exposed to the four contexts across 12 days. Rats were exposed to each of these contexts on six occasions. Each day, rats were exposed to two contexts, one in the morning and the other in the afternoon. The order in which context exposures occurred was random with the constraint that rats were exposed to each context once every 2 days. This requirement necessitated the use of the fourth preexposure context (the plastic buckets). In each of Contexts A and B, a CS was presented: CS A in A and CS B in B. There were no stimulus presentations in Context C or in the fourth context (the plastic buckets). Each exposure lasted for 30 min. Each of the eight CS presentations in Contexts A and B was 30 s in duration, and CS presentations occurred every 2 min. On the day after the last preexposure day, all rats were exposed to Context C, where they received a clicker-shock and a noise-shock pairing in the manner described in Experiment 3. Rats were tested with CS A in Context A (Groups Consistent), B (Groups Inconsistent), or C (Groups Shock Context), either 1 or 21 days after conditioning. The test consisted of exposing rats to a context for 10 min and presenting a 30-s CS on four occasions with an intertrial interval of 2 min. Each rat was videotaped, and the tapes were scored in the manner described previously. To analyze the test data, we derived a set of planned orthogonal contrasts from the incomplete factorial design.
Results
There was no freezing in any of the contexts in the 30-s period prior to the initial CS presentation on test. The mean levels of freezing to the CS on test for rats in each of the groups are shown in Figure 5 . Inspection of Figure 5 suggests that rats tested in the contexts where the CSs had been preexposed (Groups Consistent and Inconsistent) showed less freezing than rats tested in the context where each CS had been shocked (Groups Shock Context). Further, this restoration of latent inhibition when rats were retiarned to the preexposure contexts was greater when the relation between the context and CS on test was consistent with their experiences across preexposure (Groups Consistent) than when the test relation was inconsistent with these experiences (Groups Inconsistent). The rats appeared to have remembered which context (A or B) had been associated with which CS at both the short and the long retention intervals, because the differences between the performances of rats in Groups Consistent and Inconsistent were just as great at each of these intervals. Nevertheless, latent inhibition was lost with the passage of time because rats tested in the preexposure contexts showed more conditioned performance at the long than at the short retention interval. Finally, Figure 5 . Mean percentage of freezing to the conditioned stimuli (CSs) at test in Experiment 5. Rats were preexposed to two CSs each in different contexts and exposed to a pairing of each CS with shock in a third context. They were tested either in one of the preexposure contexts or in the shocked context 1 or 21 days after conditioning. Rats in Group Consistent were tested with the CS in the context where it had been preexposed, those in Group Inconsistent were tested with the CS in the other preexposure context, whereas those in Group Shock context were tested in the shocked context. Vertical bars represent SEM.
this effect of time was specific to performances in the preexposure contexts: Rats tested in the context (C) where each CS had been shocked (Group Shock Context) showed just as much conditioned performance at the long as at the short retention interval.
These observations were confirmed by the statistical analysis. There were no significant differences between the levels of freezing of rats tested at the short versus the long retentions intervals, F < 1.0. Rats tested in the preexposure contexts showed significantly less freezing than rats tested in the shocked context, F = 25.8, Fcna¢~(1, 42) = 4.08, indicating that latent inhibition was restored when rats were tested in the preexposure contexts. There were no significant differences between the levels of freezing of rats tested in the shocked context at the short versus the long retention intervals, F < 1.0. However, there were such differences between the levels of freezing of rats tested in the preexposure contexts: Rats in Groups Consistent and Inconsistent showed significantly less freezing at the short than at the long retention interval, F = 4.2, confirming that latent inhibition is attenuated with the passage of time. Rats tested with CS A in Context A (Groups Consistent) showed significantly less freezing than rats tested with that CS in Context B (Groups Inconsistent), F = 5.4, confirming that the latent inhibition caused by CS preexposure was context specific. Finally, the influences exerted by a shift between the preexposure and the test contexts and by the passage of time were additive, because there was no interaction between Groups Consistent versus Inconsistent × Short versus Long retention interval, F < 1.0. This shows that the differences between the levels of freezing of Groups Consistent and Inconsistent were just as great at the long as at the short retention interval.
Discussion
These results confirm those obtained in Experiments 1-4. First, rats tested in the preexposure contexts exhibited less conditioned performance than those tested in the shocked context. These findings indicate a restoration of latent inhibition when rats are returned to the preexposure context. Second, rats tested in the preexposure contexts at the short retention interval showed less conditioned performance than those tested at the long retention interval. This means that the passage of time attenuated the latent inhibition that was restored by the return shift to the preexposure context. Third, rats tested with a CS in the context where that CS had been preexposed exhibited less conditioned performance than rats tested with that CS but in the other preexposure context. In other words, rats discriminated not only the two preexposure contexts from the shocked context but also discriminated between each of the preexposure contexts in terms of which context had signaled which CS. Therefore, the attenuation of latent inhibition by the passage of time is not a consequence of the rats having forgotten the particular context where each CS preexposure occurred. Finally, conditioned performance was unaffected by the passage of time when rats were tested in the shocked context. Thus, the rats not only remembered what had been learned about each context and its CS associate across preexposure, they also remembered what had been learned about the preexposed CSs and shock across the conditioning episode.
Experiment 6
Experiment 6 studies what rats learn when a CS that has been preexposed in one context is arranged to signal shock in another context: specifically, whether CS preexposure results in the development of contextual control over the expression of a CS-shock association. For instance, Bouton (1993) has suggested that such control is especially likely to develop when the CS provides contrasting information, as when a preexposed CS is arranged to signal a US. The two previous investigations of this question produced inconsistent findings. Lovibond et al. (1984, Experiment 2) conditioned rats to a tone in one context (A) and to a light in another context (B) and then tested the rats under extinction for suppression to the tone in B and the light in A. Conditioning had been preceded by preexposure to the tone in A and to the light in B (Group LI-Same) or to the light in A and the tone in B (LI-Diff). They confirmed that nonpreexposed control rats developed conditioned suppression more rapidly than the preexposed groups (latent inhibition) and that those in Group LI-Diff developed conditioned suppression more rapidly than those in Group LI-Same (attenuation of latent inhibition). However, for present purposes, the important finding from this experiment came from the final test under extinction: Lovibond et al. (1984) failed to detect any differences between the conditioned performances of control rats and preexposed rats. If the consequence of CS preexposures was that each context had come to signal a specific CS-US association (light-shock in A, and tone-shock in B), the tests for performance to the light in B and the tone in A should have resulted in a greater generalization decrement (i.e., faster extinction) in the preexposed rats than in the non-preexposed rats. But this did not occur.
Swartzentuber and Bouton (1992, Experiment 1) conditioned rats to a light in Context A and tested them under extinction in either A or B. Conditioning had been preceded by exposures to a third context (C) where the light had been presented for half of the rats but not the remainder of them. They reported that performance was similar when the preexposed and non-preexposed rats were tested in A but that the preexposed rats showed significantly less conditioned suppression in B. Thus, CS preexposure reduced the degree to which conditioned performance generalized from the conditioning to the test context, a finding consistent with the possibility that CS preexposure generates contextual control over the expression of a CS-US association. However, the design used by Swartzentruber and Bouton (1992) , unlike the one used by Lovibond et al. (1984) , did not equate the two test contexts (A and B) for CS-shock pairings so that the differences observed between the preexposed and nonpreexposed rats could have been due to variations in what had been learned about context-shock associations. Specifically, there was an impairment in the development of conditioned performance to the preexposed CS that could have been accompanied by greater conditioning of the A context among the preexposed rats compared with nonpreexposed controls. The consequence of such differences in the degree to which conditioning had accrued to the A context would be a greater decrement in performance when the preexposed rats were tested in B.
The design used in Experiment 6 is the reverse of that used in the previous experiments. Rats in one group (Group Preexposed) were exposed to a context (C) where they were separately presented with two CSs (CS A and CS B), whereas those in the second group (Group Not Preexposed) were simply exposed to C. All rats were then exposed to two other contexts (A and B), which in each context one of the CSs (CS A in A and CS B in B) was presented and shocked.
Finally, all rats were tested for conditioned performance to each CS in either Context A or B. Thus, both groups were tested with one CS in the context where it had been associated with shock (Consistent) and with the second CS in the context where the first had been shocked (Inconsistent). On the basis of the findings observed previously when non-preexposed rats were conditioned in one context and tested either there or in a second context, the not preexposed rats here should exhibit just as much conditioned performance to a particular CS when tested in its own or the other conditioning context. However, the question of interest is whether the CS preexposure that results in contextual control over latent inhibition also brings about contextual control over excitatory conditioned performance.
Method
Subjects and apparatus. Thirty-two experimentally naive male rats (Rattus norvegicus; 290-340 g) of the same stock and source as used in Experiments 1-5 were used. The apparatus consisted of the three contexts described in Experiment 3. The clicker and noise were used as CS A and CS B in a counterbalanced fashion.
Procedure. Rats were assigned to two weight-matched groups (n = 16) and exposed to Context C across 6 days. There were two 20-min exposures each day, one in the morning and the other in the afternoon. CS A was presented on one of these exposures and CS B on the other for rats in Group Preexposed. Each CS occurred on three morning and three afternoon exposures. In a given session, the CS was presented for 30 s eight times, and the interval between presentations was 2 min. Across these days, rats in Group Not Preexposed were exposed to the context but in the absence of any CSs. On Day 7, all rats were exposed to Context A and to Context B. They received a CS A-shock pairing in A and a CS B-shock pairing in B. The interval between exposures to these contexts was 6 hr. The particular chambers that constituted Contexts A and B were counterbalanced as was the order in which each CS was paired with shock. Each exposure lasted for 5 min, and the CS presentation occurred after 3 min. The CS duration was 30 s, and its offset co-occurred with shock whose intensity and duration were those used in Experiment 3. On Days 8 and 9, the rats were tested for freezing to one CS either in Context A or B. Thus, rats in both groups were tested with one CS in the context where it had been shocked (consistent) and with the other CS in the context where the first was shocked (inconsistent). The CSs were tested on separate days, and the order was counterbalanced. On test, the CS was presented four times for preexposed rats but was presented eight times for the not preexposed rats with 2-min intervals between CS presentations. The additional presentations for the latter group were intended to reduce the freezing reactions exhibited by the not preexposed rats to levels similar to those shown by the preexposed rats. The freezing reactions to each of the test presentations of the CS were analyzed using a multivariate ANOVA (O'Brien & Kaiser, 1985) .
Results
On each test, there were considerable levels of freezing in the 30-s periods prior to the initial CS onset, but none of the differences among the groups were significant, Fs < 1.0 (Ms = 40.6 and 40.0, for preexposed rats presented with the consistent and inconsistent CSs, respectively; Ms = 44.4 and 39.4 for non-preexposed rats presented with the consistent and inconsistent CSs, respectively). The mean levels of freezing to each CS presentation for rats in the two groups are shown in Figure 6 . The statistical analysis confirmed what is clear from inspection of Figure 6 . Not preexposed rats froze more than preexposed rats, F = 71.27, Fcritical(l , 26) = 4.2, confirming that CS preexposure in C had resulted in latent inhibition when rats were tested in A or B. Although rats tended to freeze more to the consistent CS than to the inconsistent CS, this difference was not significant overall, F = 3.64. Of importance, there was a significant interaction Trial Figure 6 . Mean percentage of freezing to each presentation of the conditioned stimuli (CSs) at test in Experiment 6. Rats were preexposed to two CSs in one context or were just exposed to the context. Rats were then exposed to other contexts in each of which one of the CSs was paired with shock. Rats were tested with each CS, one presented in its conditioning context, and the second was presented in the context where the other CS had been conditioned.
between these main effects, F = 4.32, which appeared to be due to the fact that preexposed, but not not-preexposed, rats regulated performance to a CS as a function of where that CS had been shocked. This was confirmed by subsequent pairwise comparisons, which showed that Group Preexposed froze significantly more to the consistent than the inconsistent CS, F = 7.94, but there was no such difference in the not-preexposed group, neither for the first four CS presentations nor for all eight presentations, Fs < 1
Discussion
These findings show that CS preexposure in one context modifies the control exerted by other contexts over excitatory conditioned performance. Rats preexposed to Context C without any CS presentations and then exposed to a CS A-shock pairing in Context A and to a CS B-shock pairing in Context B were indifferent to the context (A or B) when tested for performance to each of these CSs. Thus, in confirmation of the findings obtained in the previous experiments (e.g., Experiment 2), the association formed between a CS and shock in one context was expressed in performance in a context-independent manner. In contrast, rats preexposed to each of the CSs in Context C exhibited test performances that reflected the particular context (A or B) where each CS had been paired with shock. In other words, CS preexposure resulted in contextual control over the expression of each CS-shock association. These findings suggest an explanation for those obtained in Experiment 2.
There, rats in Group AAB that were preexposed and conditioned to CS in A exhibited low levels of freezing when tested in B because of the contextual control over excitatory conditioned performance by the A context. Rats in Group BAB that were preexposed to the CS in B and conditioned in A exhibited low levels of performance when tested in B through two mechanisms. The first is what they had learned about the relation between that context (B) and the CS across preexposures, whereas the second mechanism is the conditional learning that confines excitatory conditioned performance to the context (A) where they were exposed to the CS-US relation.
General Discussion
This series of experiments has confirmed that CS preexposures reduce the conditioned freezing that results from a pairing of the CS and a shock US. This latent inhibition shows that rats learned something about that CS across preexposures. This learning involves the context where CS preexposure occurred. For instance, in Experiment 2, the latent inhibition observed when rats were preexposed, conditioned, and tested in the same context (Group AAA) was attenuated if preexposure occurred in one context while conditioning and testing took place in another (Group BAA). It also appeared to have been restored if preexposure and testing occurred in the same context while conditioning took place in another (Group BAB). However, this evidence for a restoration of latent inhibition was obtained in a design that confounded the context where conditioning and testing occurred (Group BAA) with the context where preexposure and testing occurred (Group BAB).
This confound was eliminated in Experiments 3-5. The design of these experiments consisted of exposing rats to two contexts (A and B),which in each context a different CS was presented (CS A in A and CS B in B) . The rats were then subjected to a context shift with conditioning of each CS taking place in a third context (C). The test performances in Contexts A and B revealed that preexposed rats presented with a CS in its preexposure context (CS A in A) exhibited less freezing than rats presented with that CS in the other preexposed context (CS A in B). Thus, these findings show that the latent inhibition, which is typically lost by the shift between preexposure and conditioning, is restored in a context-specific manner when rats are tested in the preexposure context. Because the preexposure contexts were counterbalanced for their CS associates, the perceptual properties of each context-CS relation were equidistant from the perceptual properties of these CSs in Context C. Moreover, each of the test contexts were equidistant from the shocked context and thus would have received equivalent levels of any excitation that generalized from the shocked context. Therefore, the restoration of latent inhibition must be due to a learned influence exerted by each context on its CS associate.
The context-specific restoration of latent inhibition observed in these experiments is a critical prediction of the memory-retrieval view of latent inhibition (e.g., Bouton, 1993) . According to this view, each of the preexposed contexts (A and B) served to retrieve the memory of what their CS associate signaled across preexposure. For instance, rats remember that CS A signaled nothing of importance in Context A, whereas CS B signaled nothing of importance in Context B. The consequence of this contextual control over each CS-preexposure memory is a selective disruption of conditioned performance, because CS A activation of the US representation would be impaired in Context A, but not in Context B.
These results can also be explained by models of latent inhibition such as those proposed by Schmajuk et al. (1996) or Wagner (1981) . According to Schmajuk et al., each CS became familiar across preexposure because it was predicted by its associated context. The consequence of testing rats with a CS in its preexposure context is a reinstatement of learned familiarity in comparison to the case where the CS is tested in the other preexposure context. This reinstatement of familiarity occurs because the learned association between each context and its associate depresses attentional memory, which controls the CS representation that is critical for activation of the US representation. Thus, although the strengths of the associations between each CS and the US were unaffected by the context shift between conditioning and test, rats in Group Consistent were exposed to the same context-CS relation, whereas those in Group Inconsistent were exposed to a different context-CS relation. The consequence of exposure to same versus different context--CS relations is that rats in Group Consistent would have suffered a greater depression of attentional memory, and, hence, a greater reduction in conditioned performance, than those in Group Inconsistent.
The context-specific restoration of latent inhibition found in Experiments 3-5 can also be explained in terms of the model proposed by Wagner (1981) . This model allows that a context never directly associated with a US can nevertheless excite the US representation to an A2 state of activation through the association between the context and the CS directly associated with the US. The context-CS relations here, therefore, are similar to the CS--CS relations arranged in sensory preconditioning experiments (Pfautz, Donegan, & Wagner, 1978; Rizley & Rescorla, 1972) so that each context (A and B) will come to excite the representations of their CS associate (CS A and CS B, respectively) to an A2 state of activation. In turn, each of these CS representations will entrain their US associate into that state of activation. For present purposes, the critical consequence of each CS being in an A2 state of activation is that the test presentations of the CSs will be differentially effective in exciting their own representations into an A1 state of activation. Specifically, the presentation of the CS in the inconsistent context will provoke more of its nodes into an A 1 state of activity than the case where the CS presentation occurs in the consistent context. The result of these differences with respect to A1 activation is that test presentations of the CS in the inconsistent context will be more effective in provoking any residual aspects of the US representation into A2 and, hence, will elicit more conditioned performance.
The present series of experiments have also confirmed that latent inhibition is attenuated by the insertion of a long retention interval between conditioning and test (e.g., Aguado et al., 1994) . This attenuation has been taken to have provided support for a memory-retrieval view of latent inhibition. This holds that the CS-preexposure memory becomes less retrievable across time, with the result that it is not as able to interfere with CS activation of the US representation. The CS-preexposure memory could be less retrievable across time because the physical context where the preexposures occurred may have been encoded in terms of time, which functions as a superordinate context. In other words, latent inhibition is attenuated at long retention intervals because the animals forget the context where the CS preexposures occurred while remembering the CS-US relation. Evidence consistent with this argument has been provided by Rosas and Bouton (1997, Experiment 1) who reported that a long interval between preexposure and conditioning abolished the effect of a context shift on latent inhibition. This abolition of the context-shift effect was attributed to the change in the superordinate temporal context disrupting memory for the physical context more than it did the CS-preexposure memory. More generally, Bouton and colleagues (e.g., Bouton et al., 1999b) have argued that context forgetting, when it occurs (see Riccio et al., 1984, for review) , is due to the animal failing to retrieve the physical context as the superordinate temporal context changes. This argument constitutes their resolution of the context forgetting paradox (see Bouton et al., 1999a Bouton et al., , 1999b Riccio, Richardson, & Ebner, 1999 ; for discussion).
Independent of the adequacy of this explanation for the context forgetting paradox, our results provide clear demonstrations that contexts are remembered, rather than forgotten, across time. Specifically, Experiments 4 and 5 demonstrated that context specificity of latent inhibition was preserved across the long retention interval, although the level of conditioned performance increased at that interval. Thus, loss of latent inhibition over time was not accompanied by a loss of contextual control over latent inhibition. Put another way, the rats in these experiments remembered which context had been associated with which CS across preexposures just as well at the long as at the short retention interval. Loss of latent inhibition, therefore, was not due to forgetting of the preexposure contexts as a consequence of a change in the superordinate temporal context. However, rather than, or in addition to, the physical context being encoded in terms of time, the memory-retrieval view also assumes that the CS-preexposure memory is tied both to the physical context where the CS preexposures occurred and to time. Thus, the CS-preexposure memory is activated after a short retention interval both by the physical context and time, whereas after a long retention interval this memory is only activated by the physical context. This dependence of retrieval of the CS preexposure on both context and time, therefore, explains the additive effects on latent inhibition exerted by context and time that have now been observed both when animals are reminded of the contexts prior to test (Rosas & Bouton, 1997, Experiment 2) and when the tests are conducted in the absence of such reminder treatments (the present Experiments 4 and 5).
An alternative explanation for the loss of latent inhibition at the long retention interval while context-CS information was preserved can be formulated in terms of the view that latent inhibition represents an encoding failure (e.g., Schmajuk et al., 1996; Wagner, 1981) . It comes from combining the insight that the passage of time constitutes a context shift where, what is changed is the internal state of the animal (Bouton, 1993) , with the hypothesis that the performance indicative of latent inhibition can be modulated by novelty. For instance, Schmajuk et al. proposed that latent inhibition occurs because CS preexposures reduce novelty. This reduction is expressed in the model as a reduced attention to the CS, which, in turn, reduces the representation of the CS that cascades into a weak CS-US association and a weak read-out of the CS-US association. Because attentional memory controls the magnitude of the CS representation, it indirectly controls both the acquisition and expression (or storage and read-out) of the CS-US memoties. As noted previously, this model explains the context specificity of latent inhibition observed here by supposing that attentional memory was reduced for rats in Group Consistent versus Group Inconsistent. This reduction occurs because the associations established across preexposure between each of the contexts (A and B) and their CS associates rendered the test presentation of each of these CSs in each of these contexts familiar. The attenuation of latent inhibition observed in both of these groups at the long retention interval simply reflects the impact on attentional memory caused by the (internal) context shift. Because that shift is independent of the physical contexts where CS preexposure occurred, there is an equivalent increase in attentional memory in both Groups Consistent and Inconsistent. Presumably, the attentional memory controlled by the context where conditioning occurred was so large as to be insensitive to any increase caused by the long retention interval. The present series of experiments has also provided evidence that CS preexposures change the way in which rats organize their subsequent experiences with CS-US relations: They imbue the context where these relations occur with control over the formation and/or expression of CS-US associations. CS preexposures, therefore, both reduce the development of excitatory conditioned performance and confine this performance to the context where the CS-US relations were experienced. In Experiment 2, rats were preexposed to a CS in either A or B, then conditioned to that CS in A, and tested for performance in either A or B. Rats in Group AAA showed less conditioned performance than those in Group BAA, but both of these groups showed significantly more conditioned performance than their counterparts in Groups AAB and BAB. In contrast, nonpreexposed control rats showed just as much performance in the shocked context as in the other. These findings replicate those reported by Swartzentruber and Bouton (1992) and suggest that preexposures to the CS had altered the degree to which excitatory conditioned performance generalized from the conditioning context to a second context. This suggestion was confirmed in Experiment 6 where rats received separate presentations ofCS A and CS B in Context C before being exposed to a pairing of CS A and shock in Context A and of CS B and shock in Context B. The subsequent tests revealed that conditioned performance was greater for CSs than CS B in Context A but greater to CS B than CS A in Context B. In contrast, rats not preexposed to the CSs showed just as much conditioned performance when tested with each CS in its conditioning context as in the other conditioning context. Bouton (1993) has suggested that a context comes to signal a CS-US relation because the preexposed CS now provides contrasting information. In other words, animals that had been preexposed to a CS use contexts to disambiguate the meaning of stimuli. A further implication of this suggestion is that rats use contexts to control extinction performance because the CS that once signaled a US is now presented in the absence of that US. Harris, Jones, Bailey, and Westbrook (2000) have recently confirmed previous evidence for this suggestion (e.g., Bouton & Brooks, 1993) . We paired CS A with shock and CS B with shock in Context C and then presented CS A in Context A and CS B in Context B in the absence of the US. The test performances revealed that CS A provoked less conditioned performance (freezing) than CS B in Context A, whereas CS B elicited less freezing than CS A in Context B. Thus, extinction was contextspecific. Harris et al. (2000) also examined the case where rats were initially exposed to two contexts (A and B) in each of which the US was paired with a different CS (CS A-shock in A and CS B-shock in B), and then to Context C where each of the CSs was extinguished. The tests in Contexts A and B revealed that rats extinguished to the CSs showed more freezing to CS A than to CS B in Context A and more freezing to CS B than CS A in Context B. In contrast, nonextinguished control rats froze just as much to each CS in either context. Thus, the initial CS-US pairings in each context resulted in contextual control over each CS-US association but required extinction of each of these CSs for this control to be expressed in performance. The important implication of these findings is that rats do not just develop contextual control over excitatory CS-US associations when these experiences are preceded by nonreinforced CS preexposures: They also exhibit contextual control over excitatory CS-US relations when those experiences are succeeded by nonreinforced CS presentations. Thus, the development of contextual control over what rats learn about a CS-US relation and/or the expression of this knowledge in performance is independent of the order in which rats are exposed to this experience and to that produced by a CS presented in isolation.
In sum, the present series of experiments has demonstrated that the latent inhibition, which is attenuated by a context shift between preexposure and conditioning, is restored in a context-specific manner by a return shift to the preexposure context. This context-specific restoration of latent inhibition is retained, although latent inhibition is attenuated at a long retention interval. These findings are consistent with a memory-retrieval view (e.g., Bouton, 1993) , which assumes that CS-preexposure memories are encoded in terms of both physical context and a superordinate temporal context. Alternatively, the present evidence for a context-specific restoration of latent inhibition demonstrates the existence of context-CS associations and these associations, in turn, can be used to explain context specificity of latent inhibition according to both the Schmajuk et al. (1996) and Wagner (1981) models of latent inhibition. Further, if time increases novelty (because the animal is different), then the overall loss of latent inhibition with preservation of context specificity is also explicable according to the Schmajuk et al. (1996) model. Thus, the present experiments are not decisive with respect to whether rats organize their experiences across preexposure in an hierarchical manner. Nonetheless, CS preexposure does result in the contextualization of subsequent excitatory conditioned performance, so that the context in which a preexposed CS signals a US can be viewed as acting in an hierarchical manner to retrieve that CS-US memory.
